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(54) SOLID-STATE IMAGE PICKUP DEVICE AND ITS DRIVING METHOD 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To solve the problem that, 
since a gate for storing charges generated in photodiodes is 
formed in a surface channel type, a leakage current called as a 
dark current is generated and produces noise. 
SOLUTION: The MOS type gates Mgxl and MOS type 
storing gates Meed of all pixels are turned on at once, and 
charges stored in the photodiodes PD of the pixels are 
transferred to a substrate region (an N type layer 23 forming 
an embedded channel) directly below the storing gates Meed 
through corresponding MOS type gates Mgxl in all pixels and 
stored and held in the substrate region ((C)). When the MOS 
type gates Mgxl are turned off, the photodiodes PD again start 
the storage of charges by performing photoelectric conversion >;:c£"^ - 
on incident light ((D)). When MOS type gates Mgx2 are 
turned on, the transfer of the charges stored in the substrate 
region directly below the storing gates Meed to a substrate 
region directly below the gates Mgx2 is started ((E)). 
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ttBe*V*T % 

^ a ^g ^©WfcRI*&jhrCt»E#*ffl*- htfitt 

im*m 2 ] « w*^o7Jt***«**r 5 7 * 

«iE*«ffly- h<omv- hnmt*-mtt$tix&-<D 
v-hnmtztixts*). mmwm%v-h<nmT<om 

Ml** 3 ] Si#Jg 1 Xtt 2 B©co@«3gfc3£EojJtI 



t\ tWB»fflffly-h©fiToiS«««lc«[E!affirSraf 

[000 1] 
[0 0 0 2] 

fcttSf&CCD (Charge Coupled Devise) (CctOSCS 
CaiLTSg^ffllcetS, CMOStVtJS 

[0 0 0 3] *fc, ±E©W**0>»*fcov^TlM!i' 
CCD*«ttJ(Jilctt«»|:^o-fe^35Sifi&S.-C*)5 
*ffl©«5g9^^*B^ft5. CMOS 
■fe^tttlff^CMOS-LS I ^n-fe^fcj&ifrac* 

STjsijg-c^s^-e, cmos-ls 1 jflosiJi^-f y 

3 T-fe <kffctf>CMO S [eJ&£2S&-et £ £ p 5 * u 

[0004]i^ CMOS-tV^^flCCD^lC 

Jt^TB^*^v«l#^*tv^tv^5B8JB^sfcao 

CMOStyfM(lMiS^J:<, ccd*^; 
J:9t«BE#«v\ tot, M*B*ttCCD#3«:0 

[0005] W:, CMOS^^-^tyf-^ofll 

ftCMOS^^-^tyttfe^ 3tT3^JtCM^l 

11 -i 33 «J:i:S@StiW 0 ft*, 
tt, B«ofBlWk«>fc»lc2 9:a^ h 3 
ttSB*tt3tf3J0«>9fiiUfc^ HRlcttB^JiS: 

[0 006] *B»1 a !~1 3 sft&WVLX&ffib/ 
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^atfj£H£ 0 c m o s ^ - ^t y t ±-efeftt*s 

[0007] @7 imm<Dm{m&&w<o i mn%<o- 

PDlfilC MOSfi«JWft*h?V^# (E*T, * 

[0008] mf)4(@Oh7^^tt, y*Y?<{ 
K P D 0> IC V - * tf&R S HfcteaSffl h 9 >- 

y^Mgxi, h?y^#Mg x©K^vfcy— 

*#&«£*lfcyi?y hffl hJV^Mr s t fc, h 
7^^Mg xOKWyi F?y^Mr s t (O 
y - * fc h #SM* 3 ftfc*@*gffl h?y^?Mam 

ttl^Tftfc n ft^F E TT?fo5 0 
[0 0 0 9] yti/hfflh?y^*Mr s ttt, ttli 
ffl h7^^MampOy- h^WE^y-fey M"8. 
S(ifflh7^^Mamptt, 7* h^* KPD 

h?y^#Ma e i is, tti*i-a*T«r»ft-ra. 

SrittSffl h7^^Mamp©^- h r-fV 

[ooio] r^^g^a^jco^rtft^i- 

So ■ 7 fc3«i-B*ttft±fiN &TSTftV\ 
7^Msel, !)tyFfflF7^^Mrst 

*s**u-eti*7-C*>6«ll*»6, 0 8 (A) 

(cy*fey h/8 h7^^Mr s t coy— h®JE?5 5 W 
U^^fc**t"Cy "fey hffi h7^^Mr s trtS*^ 

flrVp, t4bt»FD©attVptt, (Vdd-Vth 
r s t) t*5o 

[0011] ::-C, Vd dtt^VS^^Mr stS 
t^MampOK^^WiOStU-SffiSaE, Vthr 
s tttjtyhffl h7^^Mr s t0)L$tHiS8BE 
F5y^#MampOy- MBJBEVp£±|2 
0«BEIC*-5y-fey htt-S»m|-Cfift>*t, *^>«h9 
y^#Mr s t ©y- hQE^H8 (A) |r^1"<t P 



h7^^Ms e l^7-C«)5»iraTim 
W^3ft-^8|CWt|S8 (D) l^-TcfcpK. ffl*ttft 

[0 0 12] Stivt, ffjIRB h5^^Ma e 1 G> 
y- httEtfB8 (B) Ic^i-J; <* 

*u h7^^Msei^y^wt, y— xy 

*x*V h 9 XS** ^Mamp tfttfH* 
ttfc&O, b8EVpd*b h7^^Mam 

ptf>L#lMiI®flEV t h amp£i£L3lV>rt: (Vp-V 
thamp) \>y y^^Ma mpOV- 

*a>kffl#£tl<5 0 y^X^r^rV*fe9 (06006) tt^ 
<7>ffi£f2t&"f£o r<D£#<Dff^a^9^V8^<Dffl# 
ttttttH8 (D) ICT 2^+*BR|©-Jt«tt^*>* 0 
[0 0 13] «l*T, ftm&M h9fi?*9M* e 1 5: 

^Mgx^hlff^8 (c) lc*rf <fc?l::-5£#] 

IBTSOBB/^ W-^fcftD, r<0^[fflT3C0ffl h9V 
ah- KP DfcJ; 9 3t«3f»LT#btifc««rdS h 9 W 
^Mgxtt^7tft5, 

[00 1 4] rftfc:J:9* h7^^Mamp^ 
hSEEttVs i gfcWtf*. 7*h^*-K 

e>ffl*«*9>f ^8^m*«ffitt, ®8 (d) ic^-r 

ct 5{-> (Vp-Vsig-Vthamp) fcft*. ffl 
1% 

[0015] »WT4eia«ictf3i««h9y^*M 

s e 1 coy— hSEE#B8 (B) tc^t" X 5 lea— 
^tStt, h?y^#Ma e 1 ^3*-7t*tt, ffiOH 

fTS*?ffl h?y^^Ms e 1 3ft$*7©#Mli-ey-fey h 
ffl h7^^Mr s t^>tStt5p 
[0 0 16] L^^IC, ±EOH7|Jl»Lfctt*«>H# 

[0 0 17] ^rr-C, ®^rtlc®^g(^ (^^y) 

Kit, ±H*"cra«Fic^*yicteau % ^ttSrRi&ig^ 

LT, *WHA^*tc«fH2 002- 

0 0 6 6 5 7 »ICX«J6 UfclS 1 (A) l^-f S?«ln]g8 
(A) Ic^-J-iiBWalttl 0WU TOHiaBEVd d^BJftJ 
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i^MOSSy-hMgx2^FD (7D-r^^ 

[0 0 18] FDttWW:«r«ttjeftK:aE»i-5. * 
fc, !its/Ffflh7^^Mrst(j:, K^-f^Bf 

^itt^M7^y (a^mssmvd d) \cmm 

[0 0 19] igfgffi h7^^Mamptt, V 

(ilftttflasmiEVd d) ic&gtetu y-*a*{i 

FEB**** LTV rcoiSifBffl h7^^Mam 
ptf>L#lMg®JEtt, ft&^y-hXISh^v^Mc 
cd, Mgxl, Mgx2, Mrs t&T/M selOL 

yi nceaH-a. 

[0020] #xc s ^<o\mm^\ ooibf^icov^ 

T, 0 9 (B) - (F) <otifithtf*?WrA'<Dftm<r> 

^-r-h^^^ia^i-^o *"f> Meed, Mg x 1 

h *y k p d \cv&m* e>^>Ait* &#m£& lt 

»6>ixfc«1»*safeL, 0 9 (B) 

tc:7* h^^-KPDlcA^SlcjE&C^ScoS^f 

[00 2 1] j&^T, H*Lftv^W«iEB^6>©«|»« 

OiB^Mg x lMc c dlc0i o 
(A) , (B) \c^1-£?\ztifM t iT*ft«v^U' 

MOSmV- HMg x 1 SriiLT, 0 9 (C) ICTjrfJ: 

hMc c d BUTTIES **l-C*«, 

[0022] 7* vy<<*— vpDCD-r^xnmffi&w 

9 (D) IC^-fct MOSS^hMgxlj)^7 



FMccdW^^tftoTfc^ -toy— hiST 
[0 0 2 3] ftlC, aiRfflhyy^^Ms e 

y- HcH*L35cv>(B1BiHIS*»bHl 0 (E) Ic^-fJ; 

T, h?yy^Ms e 1 &*7b£tls FD«m^W 

(c^v^^ffi^/^^o *t lt, a s H*<D*a3ffi^*&* s 

£,010 (D) fc^-fj; p|C F7^^Mr s t & 
HifcV r s t fc&£ 0 rcOFDcoy-fey hMVLV r s t 

iih7^^Mamp xmn&$tixfrbm%mfi7<{ 
y\ i^ta^$ti5 0 wO^#cd0i o (f) t^-t-m 

Am&fts (Vrst-Vthamp) Tfc5 e Itlt 
L, V t h ampttJftg/B h7^^Mamp(OU 

[0 0 2 4] iKV>T, B*bfcl*»J»B»a»6>MOSa! 

y-hM g x2^0io (o K^-tx b \z#m t 4 

TW ^/W»J«l«^5tt|&S*uTMO ssy- bM 

gx2**^t*tt, 0 9 (E) (cm^l-^i-J: 9 

MosOTffly-hMc c d ojET^aaEflwsfc 

^3*bTV\fc«fly#MOSS!y— hMg x 2COSTO 

2^«tfHEi£Httft**u 9:v>-CMOSiSg(ffiy-h 

Meed— 010 (B) fcjjefj: 5 \Z!$M t 5T?n — u 
c d&*7 k£tl, McmzMOSmy- hMg x 

toZtix^^zmfflm^tf, 010 (c) lc^-fi:5^ 
Mt <1:ICJ:0, Mosny 

-hMgx2tt7^ttt@9 (F) Icm^WlCx^f 
[0 0 2 5] FD<DWiLftnffim\Z.fcKX&it'tZ> Q * 

mzxvmmztixm^tiifivj >i i^a*stta Q 

^(O^OfflMW (Vr s t-Vthamp-Vs 

i g) xh% 0 fe«ru vsigtt, ttffiSicjstfcF 

[0 0 2 6] ^rO^ % ^rflt 7Th7^^^Ms e 1 

^010 (E) \C7Flr£5\cZ<Dr-hfflWm%&'^ 

h 7 >i?X#Ma m p <DV— bWftt* OVb t£&i*b* 
[0 0 2 7] ro^UMA^ifijeLfcBWBttttB-C 

II, Mg x 1, Mc c d&tfMg x 2&ht£&WttW9l 

u&mix^z><ox, mtifm\c±mm<o7 * ty<<*- 
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[0 0 2 8] 

[0 0 2 9] #»Wtt±(BO*lC«*aiSJifct)©-C, 
[0 0 3 0] 

T^Rsm«HraH-SMI 1 hbs W 

2<o*4 y^mv-vbfrbttzbM^ mmmy-v 

fo<5o 

[0 0 3 1] ^©»IBt?tt, 7*h^-f*^-KTf»*b 

[0 0 3 2] Sfc, ±IBOBttSrarti-Sfcft, %2<0 

BIHRfrM^-Ct ft. 
[0 0 3 3] ilBOBteSrart-rSfc*, 



hoET^£«««lc®^fSrge[^ftm2co^7 i 5/ 
[0 0 3 4] 

TBB5&#fcRWi-5. 01 (A) f**8HKft3B* 

ms (a) u:**-ib*ibj»2ohu maaiE 

Vd d&mto£tlZ7* h^*— KPD0>NSUf& % 

y-hMccdh SSfffly- hMc c d£«t>*lCUC 
B»EHShfc2o©^ yffflMOSfi-y- hMg x 
12lWMg x 2^6>4S*»a»|»*J!»te>*lTV^5. 
-*©MOSiy- hMg x 1*57* h^**-KPD 
KSMRSiX. ft6*<OMOS§jy~ bMg x 2tf*FD (7 

[0 0 3 5] !)tyhfflf7^WMrst 

BEVdd) fc«8R$*L, y-*#FDfc«LTRttbJx 
t\ FD«r9tyHttl:t5. 4fc, BSf StRffi 

[0 0 3 6] MIC, «Bfflh5y^Mampfi, y 

(&»(*SiK®EVd d) IdSSRStu, y-*#« 

cd, Mgxl, M g x 2 , Mr st RUM s e 1 (PL 
>-2 llce^-fSo 

[0 0 3 7] ^r-c, *3M0BnkU9ttl>1t*m 

mA^9c\cmm\.tcmim^mmb(Dmm^ ms<o 
x^z>&m'?*r*;i>mxhz><D\ztt^ ^m<ommx 

tt. Stfy-hMc c dOWS^BMbRXtfNfflott 
#H16<o»llBTtt, saffly-hMc c d#, 

[0 0 3 8] 031^, 01COA-A* M(DJii7>">t 
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c c d <nwmrf<oy- vmmz 2<oTt-ttii#>&* 

[00 3 9] rON-JB230«Stt % W^tfO. 1- 
0.3/imea"Cfc^ 8S^lE15^1E17cm 
" 3 aa-C*>6 0 — P»>^/V2 4Ht»&#l E 1 6 

fcfrfcP**/^ 4±fcy— hmtm2 2Sr^LTMO 
Sa^-hMg x lXtMg x 2(Z)*ii«$HT 

[0 0 4 0] ^<DN~®2 3 0S?#ft< A2£&£{k L 
tV^Nf©*f yiz-Y/^D 7r-f h«ttfc: 

Mt, H3fci-c«-i-i5ftaffi^-r*/H!^&a 0 - 

~M2 3<D*>a«B»TT[ai*lctr-^Sr»o»ft5i^ 

[0 0 4 1] ftfc, Hi (A) lC^L^clli^lHlK2 0 
0>»ftM£o^t\ El (B) - (F) oSffifctf^vs/ 

* /wfflh<D#*t:nrr 9* turn 2 

<of j hkmz&mi-z>c *1\ mcc 

d, Mg x lMMg x 2^^m7rfc5«ilC 

7* h#Vah- KPDtc»^fl:d»e>OAtt3t4: 
XIKttUft&tifti«#»±l. Si (B) 
ttlc*1-J:5K:7* h^-f^-KPDlcAWJfeWc^i: 

[0 0 4 2] «v*t\ B9Lftv^«|fpiBUS^&<offifti(B 

9£li?g<OMOS^h7 V^**^- hMg x 
IStfMc c dl£0 2 (A) , (B) fc5r*-<fc5fcWr»J 

1 1 lrwetvM' w^<^»j»ft#^ttiies*fc, 

4I^(DMg x lMc c d^til-Ptl— 
S*t* £Ii3§07* KPDlc*«£;h,TV\fc 
«W*±H*t»»lfi:-rsy- hMg x 1 SriiLT, 01 
(c) (c^r J: 5 ICMO SSISeiffly- hMccd ©B 

[0 0 4 3] 7* h^W*- KPDO-r^TOaffiftfM 

OSSS®ffiy- hMc c d 0iST0££«tt££&ft 
T«, OBI (D) |C*rf-J:$fc, MOS^-hMgx 



-hMc c d©y-hKBttDS^a«*3ftSH2 (B) fC 
^t*ct5tc % Mg x l**7t4ofcB«o«rJ8 t 1 2 

[0044] ftXi-«£$lc, S8Sffly-hM 

c c d©BTosfi««ico*N"jB2 3#*>oa*a 

*^ir*^*»J*UTV^-5fc», *7:Rf§OMc c d<D 
ttWrMtHStifi* ^7^fB»cfc5Mg x lfttfMg 
x 2^)^tiJ:Uffi<, N"JB2 3fc«»^«»*hlR 

[0 0 4 5] ffl^fflh7V^^Ms e 1 <0 

y-HcH*b*^»J»0B^6>H2 (E) £^±5 

£.0 2 (D) lC*ci-*5lC h9^#Mr s ttftt 
[0 0 4 6] rcOFD(D»;-fey hStVr s t fi h 7 V 

awjsns. nco<t#<o02 (f) fc^rtHAW&tt, 

(Vr s t - V t h a mp) fc*TU Vtha, 

m p ttmmm h 7 y^^M ampW L t V>ffi®E"Cfo 

[oo47]^v>r, H*Lftv^«i»iaj8d*e>Moss 

y-hMgx2^ 02 (C) KS^iJfcPMgt 1 5 

gx2wyfc4ft, 01 (e) ksssm^-tj: 9 

tC, Sffi^y- hMc c doy- hiTF0&Kffl*K:8 
81* il"Cl^fcflflf*$MO SSy— hM g x 2 £>ET£>g 
«ffi«^KSH*&$^ *»21MOSfiy- hMg x 2 
^to£tlX^Z>$}fflm-%t>K 0 2 (C) iC^rTJ; St- 
I^St 1 6^n-U^/l^gffc^3-ifcJ;9^ MOS 

Sy-hMgx2^7tStltil (F) fc«5»?J|C 

[0 0 4 8] FDO«tttt«flf*ICJCCTSeft-r6, * 
OKflStf h7^^Ma mplCiSy— ^7^-p7IhI 
KlcJ:»3ii(@$tiTm^ai*7^v2 llc:W^$n-5o 

(Vr s t -V t h a mp-V s 

i g) yt^ru, vs i g « % ©«fft«cjtscfcF 

[0 0 4 9] *^)«, m&t. 1 7-Ch7^^Ms e 

1*50 2 (E) \Z7frr&o\^ t^y-h»j«lW> 

^W^yu^/i^^^^tt^rirlCt^FD^OV^^ 

[0050] z<d£i\z. s *mmoi&mb®9o®im 
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(C) , (D) , BIO (B) 5i-®ft£gS5 

T, *$m<D&mVft. Mgx l#*:7lCfto-CLtfb 
< It, 02 (B) t 1 2tMc c d 

£ft9, Mccd^7^1"C, 01 (D) icmatf) 

[0 0 5 1] *^Jfic0^ffiT«, :OMg x 1 tMc c 
tEfitt (N^2 3) lCte26-Car63». *7»Cft*^^ 

5VWW^<I^0 s e c-Ct>BHtt4v\ -to 
MgxUMcc d(PL#lMB®E£Jt$fc*f<5 

tf>, Mc c d©LSVHItffi«)*#Mg x KD-tfti 0 
fi<ft*. fct, I^C^^^^Mg xUMcc 
dte*7 AoTfc, L^VMISEEOffi^Mg x 

4><5<> 

[0 0 5 2] z<D£o\zLXs #gg«<Djgffilc<J;ft« > 
h ftftiKHB ar 5 JM5 h 5 y ^K: J: 3 ** trKWW ft 

[0 0 5 3] #38M0!>*2O*lSO««lCOV^r 

0 4 (A) tt#38WKftS@^ft£H<Og5 

2 <o?m<0j&Wi<D l H*0»w$fli|gHBB*:*-f . RIB 
(A) 01 (A) *W-«rt«£fcttW-ff*«rft 

U *©KW 04 (A) ic^fl W?Ih3& 

3 0lt *l<^381K©JBJB-e»Lft:Mg x 1 tUc c d 
OPSI^- hfWft-fWkLT*-«>*««y- hMc c 
d* ^fct^o 

[0 0 5 4] f/iW, 0 2 (A) , (B) "CStWUfc 
Mg x 1 tMc c d©*^— haS^SJjPi-S 

toy- h®ffi$r-ocoy- h«B-C*«*ai«y- bM 
ccd' £*f5 0 roJ:5tei-«i:, 

[0055] 0 5 H0 4 <P|B 2 0£lt^^ffi4>!ttfHK91 

fi0 2JC^Lfc^^^^^^- hft>&Mg x 
«*»»*»v*fct>©-0*9, *tt£W<0(t«-«*ttB 
2 fcBC-e*80t, B4<D»f^tt01<OSbf^tl^D^ 

ft 9, J:oTB4©BMmWtt«lftra. 
[0 0 5 6] ft*5, *»WttK±<DS81So»IBlc|8JES 

OMOSSFETtltRMLfc*. ®iS®JEcD;frrRj£ 



aS!lCt-*wi:fc:J:9* Pft^MOSHFETti 
[0 0 5 7] 

T0»»iMi* ir *^0Srfc«*fclKB 5 ft T Vfll s ft 
ilcj;9, Steaffioy-hSfftKlcftttLft^TteaS 

[0 0 5 8] Sfc, *»WlcJ:ti«> iKO^yfffl 

Lfcfc», IBP*Srtt*J:9t±« p a^t*-c#». 
[0 0 5 9] Mlc, *»WI^J:fttf, v*Ytf4*<-Y 

U MSttJ:9t>fiv^affi(oy-hStt«rH]JiPU , r, S 5 
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[0 3] 0lOA-A'i»(C»5»r®^l't6^7 1 >^ 
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Sr^-}-0T&5o 

[05] #&w<dis 2 <Dmm<DBm<D 1 rotiiii80ttff; 

[0 6] t**coH«««KHo-«oai»±«cBI^0-e 
<fo£> 0 

[0 7] «*«B<o-«(0 1 iBiR0i8o«ffililBBT*) 

[08] B7 0»fBRWffl^-f ^y^ir-h-CfcS, 
[0 9] *fflJBA^itelc«36LfcB(Wa«KIH<o-W» 
lH*BK©*4BiaBBfc*OBlWfflo*rVi/^/i/t 
«1»0»»©«^Sr*-t-Bt?fcS. 
[010] B 9 0 1 ■»BRO|)fmnffi^>f ? y 
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4M118 AA05 AB01 BAH CA03 CA09 
DA03 DC05 DD04 DD12 FA06 
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